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Table I. Purlnoceptor; Characteris tics and Current Subclassification 



P* (Pi.) 
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§ 

o 
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Type 


Intrinsic ion channel 
(Na\ K + , Ca 2+ ) 


G-protein-coupled 
(rP3/Ca J+ /DAG) 


G-prote in -coupled 
(IP3/Ca 1+ /DAG) 


G-protcin-couplcd 

(IP3/Ca 1+ / 

DAG/cAMP) 


Nonselective pore 


G-protein-coupied 
(IP3/Ca 2+ /D AG) 


Are there 


Agonist profile 


a/?meATP^^yme 

ATP>ATPs 

2meSATP%ADP 


2meSATP » ATP » 
a^meATP 


UTP^ATP» 
2meSATP 


2-ADP 


ATP 4 * 


ApxA 


tr. 
3 


Antagonist 


Desensitisation by 
a^meATP; blocked 
by suramin, by 
ANAPP3 and 
PPADS 


Blocked by suramin 
and by reactive 
blue 2 




ATP 


Oxidised ATP 




>f P2X and P2Y 
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Al -RECEPTORS ™ 1 TM 2 

™: MPmSAf ^* MI ^*lVSV»^ 

wV, MPPA1SAf ^"«^Ai.v*vpaHvw^ 

MPPSISAf^^IOIWlilAtVSVPOmaVIIOkVKWQAL 

A2- RECEPTORS 

rA2 . ^ WC ? WIW ^ A1 ^W»VLVCKAVWUISHWN^ 

MGS«V»ITVWAlAVIAIMTOVCmVWIHSNLQNVTHrrW8l^^ 

MQLCTQnKtXV^tVIAAlAVAaMVtVCAAVGASSAW 

A3- RECEPTORS 
P2 - RECEPTORS 

P2Y1 WWI ^^^^ < ^ NAW E«WKTCTOmi^ 
TM 3 ^ h *™ 5ri "™ EGD *™ KCR ™ mnr ^ 

™ 4 TM 5 

hAl UIVACPVLItTOSSIXAUAlAVDRYLRVXI PLRYKMVVTPRRAAVMA«^l^IVVOLTSMIW NZ3AVERAMAANGSMGEPVIKCEFEKVT SMrnnnr-™-™, oti 

rs==rss^^ ••••••• -P="-"vL k c^ e ^l s s^^: 

cA3 >.»i«scv Ii vrr a j U ii M »uAi»vD R »u I VKLTVRV R TvrT 0 i, R i^ TLS CHFRFWGLOXMVmrxnrXUP 

P2Y1 .L««rX»BVHWO«Ln.tCHVHRrrCV. ..VHPLKSlCRWWWIVtViJIVIIAtVVXVIitfXmOTSVIW MKT ITCVOTTAOEV r»„ nr ,«™. 

P2U LVnrijnTNLXCSILIXTCXSVHRCLGVL^ RPLHSLAWGRA. .IBaWWIBRn^^ " ••'""^ISSl 
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Fig. 2(A). 



hM LLUIVLITLEVFYLIRKQLNKKVSA. . SSCDPQKYYGKBUCIAJtSIJaiXTOiaJirLPLBIWCITtfCPSC. . HKP S X LTT IAI TLTHOHflAKHPI VI AT 

B tAl LLUflOJILBVFYLIRKQLHKKVSA. . S96DPQKYYGKBLKIAXStAZ»ZIJrX*VMi>in<PLBtUffCZTLICPTC. . QKFStLXYXAIFLfB<BfAAMllPXVYJtr 

dAl LLlilVLlYLEVFYLIRRQLGKKVSA. . S3GDPQmGKELKIAX3lALIUlJ^f IfUtBlLKCXTtrCPSC . . RKPSILMYXAXfXTHOMaAlcrPXVTAJr 

bAl LLtMVU YMEVTYLI RKQLSKKVSA . . S3GDPQKVYGKELKIAJ<SIALlLrLTALS1ILPmLNCinjrcPSC . . HMPRIUYZAirL38aKlAMtYPZVYAr 

hA2a UtUILOVTlRIFLAAJlRQLKWESQPLPGBRARSTLQKBVHAA^ 

dA2a l*"*O^I'RieT*AW^LKQMMQPLPGER^ 

rA2a LLIMIAIYIRIFXAA«RQLKQME3QPLPGERTI^TI^KEVHAAiCSIAirVOLrjaCWI^ 



hA2b 
rA2b 



LLIKLVIYIKirLVACRQLQRTELM. . - • DHSRTTl4RBIKAAK3LMOVQirAI/^^ 
LLH««VIYIKIFMVACKQLOKKELM EH3RTCLQREIHAAX3UMXV0Xf!ALCin«P\nU 

rA3 LWKCIIYLDIFYIIRNKLSQNLTG. • • FRETf^FYGREl^AXStAVUTUAIOfLPUlZHlVSYTNV. . . . KZPEIAMCLOIXtLSBAHAMRPXVYAC ^ 

P2Y1 IVltOCYOLIVKALIYKDLDNSP. LRRKSIYLVII\rt.TVIAV*yWJl^ . DFQTPQMCAFNDKWATIQVTOOLAaLNSCVDPILYriAO > 

^VPI^LVCYVLMARRLLKPAYGTTGGLPRAKRK TOTIM,VXAVIJUCri*rHVTRm^ J 

hAl RIQKFRVTFLKIWNDKrRCQPAPPIOEDLPEERPDD §. 

cAl RI HKFRVTFLKIWNDHFRCQPKPPIDEDL.PEEKAED 5 

dAl R I QKFRVTFLKI WNDH FRCQ PTP PVDEOP PEEAP HO fu 

bAl RIQKFRVTFLKIKNDHFRCQPAPPIDEDAPAERPDD , a 

o 

hA2« RIREPTIOTFRKIIRSHVLR0QEPFKAAGT3ARV1AAHG3DGE(^3LRLNGHPPG^ANGS^ _ 
dA2a RIRETRQTFRKIIRSHVLRRREPFKAGGTSARA1AAHG3DGE<3I3LM1IGHPPGVWANGSAPHPERRP . * ? 

rA2« RIREFROTFRKIIRTHVLRRQEPFQAGGSSAWAIAAHSTEGEQVSLRWGHPLGVWANGSATHSGRRpMflW 3 

HS SEP APS ■ — 



hA2b RI7RDFRYTFHKII3RYLLCQADVKSGNGQAGVQPAXGVGL 

rA2b RJJRDFRYSrHRI ISTYVLCQTDTKGG3GQAGGQ3TF3L3L 

rA3 K I K KFKETY FVI LRACRLCQTS D3 LDSKLEQTTE 

P.2Y1 DTFRRRLSRATRKSSRRSEPNVQSKSEEMTLIflLTBYKQHGDTSL 

P2U QPLVRFARDAKP 



Fig. 2. Deduced amino acid sequences of cloned punnoceptors. The transmembrane helices (TM-I to TM-7) are designated on the basis of hydropathy plots. The human 

1990) all have 326 amino acids. The human (Salvatore et ah, 1992) and canine (Maenhaut et ai t 1990) A„ receptors have 412 and the rat A J receptor (Fink et at 1992 
410 ammo acids The rat ^StehJe tetaL, 1992) and human (Salvatore et a/., 1992) A* receptors have 332 a*mirio acids, wheras the rat A, mi 
Zhou et oL 1992) has 319. The P2Y, receptor has 362 amino acids (Webb et a/., 1993) and the putative P JU receptor has 373 amino acids (Lusti^Vfl/ 1993) Modified 

from Fredholm et a!. (1994). 
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Table 3. Activity 



Compound 



ATP and triphosphate modifications 



Biochemical assay 
Turkey 
erythrocyte 1 



1. ATP 

2. A DP 

3. AMP 

4. a/toieATP 

5. /fymeATP 

6. 0yme-3',5'-cyclic ATP 

7. AppNHp 

8. ATPaS (S-isomer) 

9. ATPyS 

10. ADP£S 

Base modifications 
Ma. 2meSATP 
lib. 2-{6-cyano- 
hexyithio>ATP 

12. A*methyl-ATP 5 

13. 8-Bromo-ATP 

14. 8-(6-Amino- 
hexylamino)-ATP 

15. Adenosine Nl-oxide 
5'-lri phosphate 

16. NI,N»-etheno-ATP 

17. UTP. 

18. 5-FIuoro-UTP 



2800 ±700 
8000 ±2000 
±2% at I0" 4 m 
» 100,000 
» 100,000 
na 

4.450 ±1,150 
8,930 ±4,440 
1,260 ±380 
96 ±27 



8 ±2 

10 ±5 
19,000 ±6,000 
47,000 

8,200 ±1,200 

16,900 ±4,900 
» 100,000 
143,000 ± 44,000 
» 100,000 



of Nucleotide Analogs in Various Biochemical and Pharmacol ogical Models 
P2Y purinocepiors 



P2X purinocepiors 



Guin" of.'"* re, " 1 " i0n < reb,iv V^.y P ) 2 . M«»»'ing contraclion (relative to ATPji 

uuinea-pig Rabbit mesenteric Rabbit - . ' 



taenia 
= (6.2)< 

3 

= (5.6)* 
s 

5 

+ 3 



+ + (8.0) 

+ + (8:8) 
+ (5.8) 



- (4 9) 

- ~ (3.5) 



Rabbit aorta. . 



"(4.5) 
: -(5.2) 

- (4.8) 
See footnote 6 
See footnote 6 
na 

+ (5.5) 
See footnote 6 



+ 



(5.7) 
(5.8) 



+ '+ (6.8) s 
: + + (6.9) 

. na 

+ ,+ (7;3,<max) 

+ + (6.7, >max) 
na 
-(4.8) 
+ (6.0, » max) 



artery 

- (6.0) 

- (5.2) 
-(5.0) 

See footnote 6 
See footnote 7 



Guinea-pig 
saphenous artery* vas deferens 



+ 

+ 
+ 



na 

(6.6) 

(6.6) 

(5.8) 

(5.8) 



+ + (6,5) 

+ + (7.0) 
na 
na 

na 

rut 
na 
.+ (6.7) 
na 



» f5%J 
na 
na 

- J5;9%] 
+ + [89%] 

na 
na 
na 
na 



na 

[9.2%] 

na 

na 

na 

na 
na 
na 
na 



= (3.5)' 

5 

+ (5.3) 5 
na 



+ + 5 

_ 3 



+ + 

na 
na 

na 

na 
na 
na 
na 



Guinea-pig 
bladder 



= i 
= j 

na J . 
+ + <5.7) J 

+ + 5 
na 

+ 



Sec footnote 8 
na 5 



na 
na 

= i 
+ + 



y 

> 
er 
er 



o 

a 
a 



CO 



3 




Table 3 — Continued 



P2Y purinocepiors 



P2X purinocepiors 



Compound 



Ribose modifications 

19. 2'-Deoxy-ATP 

20. 3'-Deoxy-ATP 

21. 2\3'-Dideoxy.ATP 

22. 3'-Amino-3'- 
deoxy-ATP 5 

23. 3'-AcetyIamino- 
3'-deoxy-ATP s 

24. 3'-(4-Hydroxyphenylpro 
pionylamino)-3'-deoxy-ATP 3 

25. 3'-BenzyIamino-3'- 
deoxy-ATP 

26. Isopropylidene-ATP 

27. Isopropylidene-AMP 3 



Biochemical assay Mediating relaxation (relative to ATP) 3 Mediating contraction (relative to ATP)* 

Turkey Guinea-pig Rabbit mesenteric Rabbit Guinea-pig Guinea-pig 

erythrocyte taenia Rabbit aorta artery saphenous artery' vas deferens bladder 



19.200 ±6,200 
75,500 ± 14,800 
70,800 

193 

» 100,000 

» 100,000 

» 100,000 
201,000 ±63,000 
» 100,000 



■ 5.6 
(5.0) 



na 
na 



na 
na 



na. 
na 



na 3 



na 
+ 



= (5.4) 


+ +;(6.4,asmax) 


na 


na 


+ 




na 


na . 


+ (<max) 


na 






na 


+ + (<roax) 


na 


. na 




+ 


na 


na 
na 

+ + ( < max) 


na 
na 


na 

=» 17.7%] 
na 


+ + 
na 
na 


+ + 
na 



EC* values (nM) for. stimulation of production of inositol phosphates, expressed as the mean±S.D. for at least 3-5 determinations, or % stimulation at 
concentration indicated; other symbols as in footnote 2. 2 + + , significantly more potent than ATP; +, more potent than or equal to ATP- « equal to ATP* - 
less potent than or equal to ATP; - significantly less potent than ATP; na, not active at the highest concentration tested (usually around f<H m) Numerical* 
value, n, given, is pD 2 in minus log molar units, and for some compounds in rat aorta and mesenteric artery, maximum relaxation relative to 2meSATP ( < a: or 
> ) is indicated in parentheses. 'For the saphenous artery, the percentages in brackets are responses at 10 /*m relative to the contraclion produced by 1 uu aflmeATP 
The highest concentrations tested were ^0 PM 4 6^2±0.08 (»« 38). 3 Data for smooth muscle from literature reports (Burnstock et «/., 1983, 1984; Cooper et al, 
1989; Cusack and Houram 1990; Jacobson, 1990). • Contraction, not relaxation. ? Relaxation; but P D 2 not calculable. ' Compound 1 1 b was approximately 100 times^ 
more potent than ATP in the bladder, but it produced tonic contractions rather than the phasic contractions of ATP. in the presence of indomethacin ( 1 m) it 
was much less potent than ATP under the same conditions. Modified from Burnstock et al. (1994). 
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Table S: Proposed Subclassificatlon of the F1Y G- Protein- Linked Purinoceptor Family 



Proposed subtype 



P2Y, 



P2Y; 



P2Y 3 t 



P2Y 4 



P2Y< 



P2Y, 



P2Y4 



Agonist potency 



2meSATPi 
ATP»ADP> 
» ot/fmeATP 



Selective agonists 2meSATP 



Name of clone 



Clone 803 (Webb 
et a/., 1993) 



Number of amino 
acids 



362 



ATP2UTP- 
ATPyS; UTP> 
ATP only for 
footnotes 1-3 

UTPyS 



Clone pP2R (Lustig 
etal., 1993) Clone 
HP2U (Parr et al, 
1994) Clone from rat 
heart tissue, . 
(Godccke and 
Schrader, 1994) 

373 for clone pP2R 
375 for clone HP2U 



2meSADP> 
ADP 



Brain-derived 
clone 103 4 



2meSATP » 
ATP=ADP« 
a/ImeATP > 
» 0ymeATP 

2'-deoxy-ATP and 
also A/'-methyl- 
ATP selective for 
taenia coli 



2meSATP£ 
ATP = ADP > 
» a/JmeATP 
/fymeATP inactive 

8-(r>aminohexylarai- 
no)-ATP and 
ATP-N-oxide 
selective for 
endothelial cells 



2meSATP> 
ATP > ADP? 



No selective 
agonists available 
yet; however, the 
compounds selective 
for P2Y4 and P2Y5 
are inactive on 
vascular smooth 
muscle 



Diadenosine 
polyphosphates 



y 
> 

cr 
o* 

3 



o 

s 

D. 

P 
09 




Chick brain 1 
Rat brain cortex* 
Developing chick 
skeletal muscle? 17 
Guinea-pig 
cochlear hair 
cells? 1 

Rabbit gastric 
glands? 9 



Rat renal mesangial 
cells 10 " 

Rat mesenteric 
arterial bed 11 
Rat aortic smooth 
muscle cells 13 
Rat liver 11 " 
Rat hepatocytes ,us 
Rat osteoblastic cells'* 
Rabbit 17 and 
human? 1 * neutrophils 
Guinea-pig brain 19 
Sheep pituitary cells 20 
Rat myocardial 
endothelium' 1 1 and 
bovine endothelial 
cells 21 

Skeletal muscle 11 
Human fibroblasts 22 
Human amnion cells 2,11 
Human airway 
epithelial cells" 
HL60 cells 24 " 26 
PCI2 cells 27 
Mouse neuroblastoma 
cells* 



P3Y,t 

Platelets 39 Guinea-pig taenia 

Megakaryocytes 10 coli 5 
Brain capillary Turkey 
endothelial erythrocytes 1235 
cells? 31 : 



P2Y S 

Rabbit aorta 31 
Pig aorta? 1 * 
Rat cortical 
astrocytes 37 * 31 
Organ of Corti cells 19 
Dorsal spinal cord 
astrocytes* 



Rabbit coronary 41 , 
hepatic 42 and 
mesenteric 33 arteries 
Human 

subcutaneous and 
omental resistance 
arteries? 43 
Human endothelial 
cells? 44 



Rat brain 

synaptosomes 45 

Rat cortical 

neurons 4 * 

Chromaffin 

cells"-" 

Porcine* and 

bovine 51 

aortic endoiheli 

al cells 

Human 

platelets":-** 

Mammalian 

hepatocytes" 

Guinea-pig vas 

deferens, 

urinary 

bladder* 

and isolated 

arteries 57 



«Naki g awi« fl MI990).'Gil-Rodri B ortaM»*»0). "Reaaivebluei-i^^ < ' 9W * fiw ******* of presynaptic P2 purinocepton in the CNS. Toamas et at. (1991). 
with HP2U mRNA (Parr ,/</., 1994). Val^c and 

receptor-n^ediaung relea* of Ca'< from ta«n«rt.!o^ *' < IW). "Oc.r evidence for « common UTP/ ATP 
oocyte, injected with guinea-pig bruin mRNA (Honore* et al., 1991). "FfaofrinttS C^Siaied eff«f, (D„vid»n w 72S J £ 'i '? U ''^uttli tonn^nsHive eflccl (Walker et at. t 1991). "Al shown in Xenopus 

1993,. "Fine ,/ at (1989). "Evidence for a common ATP/l/TP receptor cc^ed^phoXK mi- B^V^fS^ i n,!? ^ UTP / ATP ^ A** 1 " 

of the cloned human receptor in J32INI ceil, (Lazarow,ki „ at.. 1994). »Xtai" (t^ ? m ^ lhh re f f 10 ^" ^ confirmed recently by functional expression 

1990), "Evidence for an ATP/UTP phospholipase-linked receptor (MuWaT^^ X f H ^ K ^t eM mRNA ff0ra "L60eella (Murphy and Tiffany, 

by hybridisation with pP2R mRNA (Ustig « „/., 1993). ^Ssack n at. (1979) *B^ock i»rT^DF ^^^^T^r^ 0 ^-' ^ "P*"* ia thw *»' **** « l»<). »As shown 
"Berrie et at. (1989). "Boyer et at (1990). «2H6^nohexytthio)-ATP ihovn ninon^T receptor induang Ca>+ mobihsatton from a lhapsigargin-sensitivc iniracelluiar pool (Fretin et at., 1993) 

Clinked receptor (KastriL et at. 1992). 4^ion of^ recep.or (Fischer erat 1993). "Burnstock et at. (1994). -Martin et aLOW). ^h«phoh>,«e 

to mobilisation of Ca- from . ttapsigargh-s^ ^n"* f%.Wi **? " * (l99i) ' *Afli«iian of ihU receptor £h 

ri at (1988) reported that activation of this receptor on human cultured umbilical vemeSii^ practically inactive (Martin et at.. 1991). -Carter 

of this receptor from the taenia coli P2Y purinoceptor. «Pintor et at (1993) ?to™ and PerW^ ^SS^*^ Bvxdaux WM P roduocd in ^ur of the different nature 

«Flod*aard and Klenow (1992). "UtnieLd £L ,1983): ^i^^^^ - "Otf* « at. (,989, 
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Tabic 6. Proposed Subclasstfication of the P2X-lon Gated Purinoceptor Family 


Proposed subtype 


P2X, 


P2Xj 


P2X, 


P2X< 


Selective agonists 


2-(4-nitrophenylethyl- 
thio)ATP>3'-amino- 
3' -deoxy-ATP=2-hexyl- 
thioATP = 2-cyclo-hexyl- 
thioATP 


5-fluoro-UTP > 2-hexyl- 
thioATP « 3'-acetylamino . 
-3'-deoxy- ATP >,3'(4-hydroxy- 
. phenylproprionyi-amirio)-3'- 
deoxy-ATP : 


No selective agonists 
available; however, the 
compounds selective on the 
other subtypes are inactive 


No selective agonists 
available 


Tissues 


Guinea-pig vas deferens 1 " 3 


Guinea-pig 1 - 4 and rat 5 urinary 
bladder 

Rabbit bladder detrusor* 

Rat colon longitudinal muscle? 7 


Vascular smooth muscle 1 


Peripheral' 12 and central' * 16 
neurons 

Ventricular myocytes" 
Microglial cells 11 



T Baileyand Hourani (1992). 'Bean (1990). 'Allen and Burnstocfc (1990). 10 Krishlal et a/. (1.983). "Fieberand Adams (1991). "Surprenant (1994). "Uenorta/. 
(1992). "Edwards et at. (1992). "Tschopl et at. (1992). "Shen and North (1993); "Bjornsson et ai. (1989). "Langosch et al. (1994). 
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